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Abstract 
 
An effective cleaner production programme requires the efficient collection and interpretation 
of data relating to a facility’s activities, including information of pollutant emissions, wastes 
generated and raw materials consumed.  Many of these data are required to be collected and 
reported under national Pollutant Release and Transfers Registers (PRTRs) which are an 
increasingly common environmental policy tool in the OECD countries.  
 
This article considers the relationship between cleaner production and PRTR reporting, and 
discusses whether cleaner production programmes can be enhanced by the use of PRTR data.  
A case-study of a fertiliser manufacturing facility reporting under the Australian National 
Pollutant Inventory (NPI) is used to analyse and illustrate the practical issues around linking 
cleaner production with PRTR reporting.   
 
PRTR reporting can assist in identifying cleaner production opportunities and in generating 
the data sets required to design, implement and monitor cleaner production programmes.  
There are, however, some limitations in PRTR data that need to be recognised.  Specifically, 
these are issues around data quality and comparability (e.g. PRTRs rely heavily on default 
emissions factors rather than the monitoring data that are generally required for cleaner 
production programmes) and the different data sets required for PRTR reporting (which 
generally require reporting at the site level rather than at the individual process unit level that 
is required for cleaner production). 
 
Keywords: Pollutant Release and Transfer Registers (PRTRs); emissions estimation; cleaner 
production; National Pollutant Inventory. 
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Published in Journal of Cleaner Production, 12 (7) : 713-724.  http://dx.doi.org/10.1016/S0959-6526(03)00057-X   
 2 
 
 
1 Introduction 
 
Facilities wishing to improve their environmental performance, facility efficiency or 
profitability will, in many cases, implement a cleaner production projects such as energy 
efficiency and waste reduction.  An effective cleaner production programme requires the 
efficient collection and interpretation of data relating to a facility’s activities, both for the 
purpose of identifying opportunities and for enabling the effectiveness of the programme to 
be assessed.  When developing and implementing such programmes, facilities are 
understandably keen to maximise the use of existing data and resources.  Much of the 
environmental data used by companies (e.g., emissions, materials consumption) is already 
available (e.g., as collected for accountancy/financial purposes, required by legislation [1, 2]), 
although these data may not be in a readily useful form.   
 
Pollutant Release and Transfer Registers (PRTRs) are a relatively new policy measure in 
many countries.  PRTRs require companies to estimate and report their emissions to the 
environment.  The goals that have been defined for national PRTRs include reducing the risks 
from pollutant releases and transfers to humans and/or the environment, promoting pollution 
reduction and prevention and cleaner production within industry, encouraging and monitoring 
product stewardship, promoting integrated pollution prevention and control, and broadening 
public participation and interest in environmental policy decision-making processes [3, 4].   In 
other words, many of the concepts associated with cleaner production are identified as a goal 
of PRTRs.  However, because of their relative novelty as a policy instrument, many 
companies have not appreciated the strategic benefits (in terms of process improvement, 
environmental performance improvement, and cost effectiveness) that can be achieved from 
PRTR reporting. 
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The aims of this article are to canvass the links between cleaner production and PRTR 
reporting and to examine how cleaner production programmes can be assisted by the use of 
PRTR data.  The authors’ experience with preparing a report for a fertiliser manufacturing 
facility reporting under the Australian National Pollutant Inventory (Australia’s national 
PRTR) is used to illustrate the issues.   
 
2 Pollutant Release and Transfer Registers  
 
A Pollutant Release and Transfer Register (PRTR) can be defined as a catalogue or register of 
releases and transfers of potentially harmful substances to the environment from a variety of 
sources [3].  PRTRs generally include information on emissions to air, water and soil and may 
also include information regarding wastes transported for treatment, incineration/energy 
recovery, recycling and landfill. 
 
Reporting thresholds are specified to determine who reports to a PRTR.  Reporting thresholds 
are generally designed to capture the main sources of the targeted pollutants and to ensure that 
a large percentage of all releases are represented in the estimates [3].  The approaches adopted 
to define reporting thresholds include thresholds based on the number of employees, the 
amount of chemicals produced, the amount of chemicals consumed, the amount of fuel 
consumed and the amount of chemical released.  There are also likely to be exemptions (e.g., 
by industry sector or based on a de minimis threshold) [3].  As an example, the Australian 
PRTR, the National Pollutant Inventory (NPI), requires facilities that have triggered 
thresholds based on their throughput, emissions, fuel or waste use, or fuel storage to report 
emissions annually to their provincial environmental authority (see Box 1).  Under the NPI, a 
maximum of 90 different substances are reportable at any particular facility (although most 
facilities are required to report on far fewer than this). 
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Box 1: Reporting Thresholds under the National Pollutant Inventory 
 
The National Pollutant Inventory (NPI) requires facilities that have triggered certain thresholds to report their 
emissions to air, water and land.  These reports are made public through the internet.  The categories of 
reportable substances are as follows: 
 
Category 1 
If 10 tonnes or more of a Category 1 substance is used by a facility in a reporting year, emissions resulting from 
the use of that substance must be reported.  Broadly, category 1 substances consist of air toxics and metallic 
substances. 
 
Category 1a 
If 25 tonnes or more of a Category 1a substance is used by a facility in a reporting year, emissions resulting 
from the use of that substance must be reported.  For bulk storage facilities, the reporting threshold is only 
triggered if the design capacity of the facility exceeds 25 kilotonnes.  Category 1a substances consist only of 
total volatile organic compounds (VOCs). 
 
Category 2a 
If more than 400 tonnes of fuel or waste is burned in a reporting year, or 1 tonne or more of fuel or waste is 
burned in any hour in the reporting year, emissions of Category 2a substances must be reported.  Category 2a 
substances consist of combustion products. 
 
Category 2b 
If more than 2,000 tonnes of fuel or waste is burned; or more than 60,000 megawatt-hours of energy is 
consumed in a reporting year; or if the maximum potential power consumption of the facility at any time is 
rated at 20 megawatt-hours or more, emissions of Category 2b substances must be reported, in addition to 
Category 2a substances.  Category 2b substances consist of metallic substances. 
 
Category 3 
If releases to water, other than groundwater, exceed the specified amounts of total nitrogen or total 
phosphorous, releases of these Category 3 substances must be reported. 
 
Exemptions to Reporting 
Deposit of a substance into landfill, discharge to a sewer or tailings dam or removal from a facility for 
destruction, treatment, recycling, reprocessing, recovery or purification are considered as “transfers” and are 
not required to be reported. 
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3 Case Study of PRTR Reporting 
 
To illustrate the manner in which companies go through the PRTR reporting process, a case-
study of a fertiliser manufacturing facility is presented below.  The facility uses natural gas to 
produce ammonia, urea, ammonium sulphate and carbon dioxide.  The major areas of the 
process leading to emissions of pollutants to air, water and land are outlined in Box 2.   
 
Box 2: Process Specification for Fertiliser Production Facility 
 
Ammonia Produced:  300 000 tonnes per year 
Energy Use:   120 GWh per year    
Fuel Combustion: 250 000 tonnes per year  
Water Consumption: 2100 ML per year 
Waste Production: 300 tonnes per year 
 
 
3.1 Facility Description 
 
3.1.1 Ammonia Plant 
 
Feedstock natural gas undergoes desulphurisation before entering the process.  The gas is then 
mixed with steam and sent to a primary reformer.  The primary reformer uses a catalyst to 
produce hydrogen (H2), carbon monoxide (CO) and carbon dioxide (CO2) from the gas 
mixture.  These gases are then fed into a secondary reformer (containing a similar catalyst) 
along with compressed air.  The secondary reformer utilises the heat from combustion of 
oxygen with the combustible components of the gas stream to convert the remaining natural 
gas to nitrogen (N2), H2, CO and CO2.  
 
The energy from the product gases is used to produce process steam in a waste heat boiler 
while the gases are cooled.  These gases are then sent through shift converters, which convert 
the CO to CO2 with the aid of different catalysts.  The CO2 is removed from the gas stream by 
an absorber (which uses a mono-ethylene amine (MEA) solution to capture the CO2).  The 
CO2 is fed to the urea plant and the liquid CO2 plant (if neither plant is operating it is vented 
Published in Journal of Cleaner Production, 12 (7) : 713-724.  http://dx.doi.org/10.1016/S0959-6526(03)00057-X   
 6 
to atmosphere).  The remaining products from the absorber are then sent to a methanator, 
which converts all remaining CO and CO2 to methane (CH4).   
 
The gases that leave the methanator are compressed and passed through heat exchangers 
before being fed into ammonia converters.  The product ammonia (NH3) is condensed from 
the gas stream in a refrigeration unit.  The NH3 is then separated from the gas stream and sent 
to the urea plant, granulation plant or the ammonia storage tank.  The unconverted gases are 
mixed with fresh feed gases in the compressor and recycled through the ammonia converters.   
 
The sources of pollutant emissions from the ammonia plant are: 
 
• The reformer furnace vents from the primary reformer which release products of 
combustion of natural gas; 
• The CO2 vent, which releases only CO2;  
• The cold vent, located between the methanator and the ammonia converter which  
intermittently releases small amounts of H2, N2, CH4, CO and CO2; 
• The gas turbine main stack which releases natural gas combustion products from the 
synthesis gas compressor; 
• The synthesis loop vent which releases NH3;  
• The condensate flash steam vent which releases small amounts of NH3; and 
• Process safety valves. 
 
3.1.2 Urea Plant 
 
The raw materials for urea production are NH3 and CO2 from the ammonia plant.  These 
gases are compressed and sent to the urea reactor, where urea is formed in a two-stage 
reaction.  The material from the reactor passes through the decomposer and into a separator 
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where most of the urea melt is separated from unreacted raw materials.  The unreacted 
materials and gaseous urea that are not removed by the separator are fed into the solvent 
recovery system, which splits the CO2 and the NH3 into two streams that are returned to the 
reactor.  The liquid urea from the separator passes through an evaporation section to remove 
any excess NH3 and water still existing in the melt.  The resultant urea melt concentrate is fed 
to the urea melt storage tank.  The evaporated gases are treated by a scrubber, which removes 
the majority of the NH3 but vents a very low rate of concentrated NH3.   The concentrated 
urea/water solution is sent to the new granulation area where it is processed into solid urea 
granules.  These are screened and moved to storage by conveyors and elevators.  The 
emissions from the granulation section are sent to a scrubber, which removes urea particulate 
matter and also a small amount of remaining ammonia. 
 
The sources of pollutant emissions from the urea plant are: 
 
• The atmospheric absorber vent from the scrubber on the evaporation section which 
releases CO, particulate matter and NH3;   
• The granulation scrubber vent from the new granulation area which releases NH3 and 
particulate matter; 
• The ammonia absorber vent which releases small amounts of CO and NH3; 
• The process water stripper vent which releases NH3; and 
• Process safety valves. 
 
3.1.3 Ammonium Sulphate (Granulation) Plant 
 
The ammonium sulphate plant produces high nutrient fertiliser slurry by mixing ammonia 
(from the ammonia plant) and sulphuric acid in a special pipe reactor.  The slurry from the 
reactor is sprayed into a granulator to produce the ammonium sulphate granules.  The 
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granules are dried in a dryer and passed over screens before being conveyed to storage for 
bagging.  The off-size material is crushed and returned to the granulator with the fines from 
the screens.  The granulator and the drier each have a flue, which is directed to a scrubber.  
The slurry from the scrubber is sent to the reactor while the gases that have passed through 
the scrubber are sent to the main plant stack. 
 
The sources of pollutant emissions from the ammonium sulphate granulation plant are: 
 
• The main plant stack from the scrubber in the granulation plant emits NH3 and 
particulate matter from the granulator; 
• Natural gas combustion products are released from a small boiler; and 
• The dust collector on the granulation building emits particulate matter. 
 
3.1.4 Carbon Dioxide (CO2) Plant 
 
CO2 is supplied to the CO2 plant as raw waste carbon dioxide from the ammonia plant.  It is 
washed by scrubbing with water to remove traces of solvents, and then compressed to a 
pressure suitable for liquefaction.  The liquefied CO2 is cooled to knock out excess moisture 
and purified by passing through carbon filters to remove odours.  This process releases 
ammonia to the atmosphere.  The gas passes through dryers to remove all remaining moisture 
before being liquefied in a falling film condenser using ammonia as a refrigerant.  Inert gases 
that have not been removed during purification stages are vented.  Liquid CO2 is then stored 
in storage vessels until it is despatched by road tanker.  
 
 
3.1.5 Utilities Area 
 
The utilities area consists of various operations that support the other process areas of the 
plant.  A major function of the utilities area is to provide steam to the urea and ammonia 
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plants.  The steam is produced in two natural gas-fired boilers, which operate continuously.  
The utilities plant also supplies aqua ammonia (approximately 25% NH3 and 75% H2O) to the 
ammonia storage tank. 
 
The sources of emissions to air from the utilities plant are: 
 
• The boiler stack which releases combustion products of natural gas;   
• The ammonia storage tank is expected to be a source of fugitive NH3 emissions; 
• The cooling towers as a source of particulate matter emissions due to ‘drift of the 
cooling fluid; and 
• The deaerator vent. 
 
3.1.6 Wastewater Treatment and Stormwater Releases 
 
A number of process units at the facility generate wastewater which is sent to a primary 
wastewater treatment pond before discharge to sewer.  Stormwater is released directly to 
sewer. The effluent is known to contain zinc, chlorine, chromium (III) and chromium (VI).  
These emissions are monitored on a regular basis 
 
3.1.7 On-Site Vehicles 
 
On-site vehicle such as cars, trucks, excavators, forklifts and front-end loaders emit various 
combustion products. 
 
3.1.8 Fugitive Emissions 
 
Fugitive emissions of VOCs and ammonia are likely to occur from process streams containing 
these substances and from liquid storage tanks. 
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Fugitive emissions of particulate matter are likely to be released from buildings where dust 
generating processes are carried out. 
 
4 PRTR Reporting Process 
 
The PRTR reporting process can be seen as comprising three major stages, namely (a) to 
identify the broad requirements of the PRTR, (b) to determine the specific reporting 
requirements for the facility, and (c) to estimate and report on emissions [5].  Examples from 
the NPI are used to illustrate each of these stages. 
 
4.1 Identify Requirements of PRTR 
 
The requirements of the inventory are defined by the terms and definitions of the inventory, 
the scope of the inventory, the goals of the inventory and the reporting thresholds within the 
inventory.  Each facility must then determine how it is categorised under the inventory.  
Under the NPI, the fertiliser production facility described in this article would be required to 
report on all emissions that occur from sources within the site boundary.  Site definitions 
become important where process units are relatively large distances apart (e.g. mine sites).  
This becomes an issue when considering cleaner production which can consider data 
boundaries greater than the site boundary (e.g., life cycle assessments, downstream effects).  
It is, therefore, important to be aware of each PRTR’s specific requirements. 
 
4.2 Determine Facility Reporting Requirements 
 
To determine reporting requirements under the NPI, it was first necessary to identify material 
flows through the facility.  A mass balance of reportable substances was then performed to 
determine whether the throughput levels had been exceeded (Categories 1 and 1a in Box 1 
above).  Fuel/waste use (for reporting under Categories 2a and 2b, as described in Box 1) and 
emissions of relevant substances (Category 3) were also estimated to determine whether these 
thresholds were exceeded.   
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Based on this analysis, the fertiliser production facility was required to report emissions of all 
Category 2a and Category 2b substances because it exceeds the fuel use threshold.  
Additionally, the Category 1 threshold for ammonia was triggered.  A summary of the 
emissions required to be reported by the facility is presented in Table 1. 
 
Table 1: Compounds to be Reported to the NPI for the Fertiliser Production Facility 
 
Ammonia 
Arsenic  
Beryllium 
Cadmium 
Carbon monoxide 
Chlorine 
Chromium (III) 
Chromium (VI) 
Copper 
Fluoride 
Hydrochloric acid 
Lead 
Magnesium oxide 
Mercury 
Nickel 
Nickel carbonyl 
Nickel subsulphide 
Oxides of nitrogen 
Particulate matter less than 10µm (PM10) 
Polychlorinated dioxins and furans 
Polycyclic aromatic hydrocarbons 
Sulphur dioxide 
Total volatile organic compounds (VOCs) 
Zinc 
 
Estimate Emissions 
 
Individual facilities have a range of techniques available to enable them to estimate their 
pollutant emissions.  These may be broadly categorised as follows [6]: 
 
• Continuous Emissions Monitoring (CEM): The collection of data using a permanently 
mounted gas or liquid collection system that directs sample streams to a reliable and stable 
analytical device with capabilities to record continuous measurements through electronic 
media. 
• Parametric Emissions Monitoring (PEM): PEM relates the release rate of a particular 
substance (or group of substances) to various operational parameters that are readily 
known and available to a facility.  This is typically done through the development of a 
correlation between the operational parameters and the release rate.   
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• Source Testing: Source tests are short-term release measurements taken at a stack, vent or 
other release point.   
• Material Balance: Releases are estimated based on the difference between material input 
and material output across a vessel, process or entire facility. 
• Empirical/Physico-Chemical Relationships: Relationships are derived from the 
fundamentals of chemistry and physics.  Empirical relationships are also physico-
chemical relationships.  However, they differ as they are developed through scientific 
observations in either the laboratory or industrial operations under simulated or actual 
processes. 
• Emission Factors: A single number based on a unit of activity (e.g. a certain quantity of 
carbon monoxide emitted per tonne of fuel burned).  These are generally derived from a 
series of source tests that are subsequently distilled into a single value through statistical 
analysis.  
• Engineering Judgement: An engineering judgement is made when specific emission 
estimation techniques are not feasible to use.  Such estimations are usually made by an 
engineer familiar with the specific process, and are based on whatever knowledge may be 
available. 
• Models: Release models are software programs based on a combination of physico-
chemical and empirical relationships.   
 
Reporting facilities select emission estimation techniques based on factors such as desired 
accuracy, cost, available data, data quality and the ability of the emission estimation technique 
to best estimate the emission.  Each of the techniques listed above is valid under certain 
conditions, and a number of techniques may be equally valid [7].  
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Table 2 outlines the data and emission estimation techniques that were available to prepare 
the fertiliser production facility’s PRTR report.  It is pertinent to note that the mix of available 
data and techniques in Table 2 are typical of the data that are available for many industrial 
facilities. 
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Table 2: Test Data Available for the Fertiliser Production Facility 
 
Area Available Data Substance Reported 
Ammonia Plant 
Reformer furnace vents  
CO2 vent 
Cold vent 
Gas turbine main stack  
Synthesis loop vent  
Condensate flash steam vent  
Process safety valves 
 
Annual source tests for license requirements 
No data 
Equipment design specifications 
Annual source tests for license requirements, emission factors 
Equipment design specifications, emission factors 
Equipment design specifications, emission factors 
Equipment design specifications 
 
PM10, NOx, SO2, CO, NH3, VOCs 
Not applicable 
CO 
PM10, NOx, SO2, CO, NH3, VOCs 
NH3 
NH3 
CO, NH3 
Urea Plant 
Atmospheric absorber vent  
Granulation scrubber vent  
Ammonia absorber vent  
Process water stripper vent  
Process safety valves 
 
Annual source tests for license requirements, emission factors 
Annual source tests for license requirements, emission factors 
Equipment design specifications 
Equipment design specifications 
Equipment design specifications 
 
PM10, NOx, SO2, CO, NH3, VOCs 
PM10, NOx, SO2, CO, NH3, VOCs 
NH3 
NH3 
NH3 
Ammonium Sulphate (Granulation) Plant 
Main plant stack  
Small boiler stack 
Dust collector   
 
Annual source tests for license requirements 
Published emission factors based on boiler type and fuel consumption 
No data 
 
PM10, NOx, SO2, CO, NH3, VOCs 
Not applicable 
Not applicable 
Utilities Area 
Boiler stack  
 
Ammonia storage tank  
Deaerator 
Cooling towers 
 
Published emission factors based on historical annual source tests for license 
requirements 
One off source-test 
Equipment design specifications 
Published emission factors based on circulation rate and total dissolved solids  
content 
 
PM10, NOx, SO2, CO, VOCs 
 
NH3 
NH3 
Not applicable 
Wastewater Treatment and Stormwater Annual source tests for license requirements Cl, Cr (III), Cr(VI), Zinc 
On-Site Vehicles Published emission factors based on fuel use and vehicle type Not applicable 
Fugitive Emissions 
Ammonia, VOCs  
Particulate Matter 
 
Published emission factors based on throughput, weight fraction 
Exit velocity, cross-sectional area, particulate matter concentration in building 
openings 
 
NH3, VOCs 
PM10 
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4.3 Worked Example: Estimating Ammonia Emissions 
 
The process of calculating emissions of ammonia from the facility is used to illustrate the PRTR 
reporting process.  The emissions estimation process comprises five main stages, namely (a) 
identify sources, (b) compile data, (c) select technique, (d) perform calculations, and (e) quality 
assurance. 
 
The sources (i.e. emissions points, including stacks and fugitive sources) of ammonia were 
identified using a number of different strategies.  First of all, the facility’s licence requirements 
were examined to determine any testing requirements for ammonia.  In addition, the facility’s 
monitoring protocols were also examined to identify any additional release points of ammonia.      
Secondly, the personnel responsible for managing each of the major process areas listed in Table 2 
were interviewed to identify release points for ammonia.  Thirdly, the NPI Handbook for Fertiliser 
Production [8] was reviewed to determine if any potential sources had been excluded.  Finally, the 
overall results (i.e. the list of actual or potential emissions sources) were discussed with site 
personnel (operators, engineers, environmental manager) to ensure that no sources had been 
omitted. 
 
The next stage in the process was to compile the data necessary for emissions estimation.  These 
included: (a) the annual urea and ammonia production levels, (b) equipment specifications, (c) 
source test data, including gas flow rates and testing conditions, (d) operating hours for each source, 
(e) gas throughput rates and ammonia concentrations for each of the process lines containing 
ammonia. 
 
Formatted: Bullets and
Numbering
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Ideally, reporting facilities will select emission estimation techniques based on factors such as 
desired accuracy, cost, available data, data quality and the ability of the emission estimation 
technique to best estimate the emission.  However, as illustrated by the examples in Table 2, it is 
generally the case that only one emission estimation technique is applicable.  It is pertinent to note 
that it could be argued that companies should have testing data for all of their major emission 
points.  While such an argument has some plausibility, in practice, companies tend not to do source 
testing unless they are required to (e.g. by legislation or in response to public pressure).  For the 
cases where more than one technique was available, the choice had to be made between source tests 
or equipment design specifications on one hand and emission factors on the other (see Table 3 for 
the choices made and the reasons for these choices).  As indicated in Table 3, emission factors 
(even when available) were not used.  In the case of the synthesis loop vent and the condensate 
flash steam vent, a closer inspection of the emission factor revealed that the technology that formed 
the basis of the emission factor did not well match the design of the facility.  In this case it was felt 
that design specifications would provide a better estimate for these emissions.  In the case of the 
atmospheric absorber vent and the granulation scrubber vent, although the emission factors were 
based on appropriate technology, the available source test data was considered reliable and 
representative of the year’s emissions.  That is, the monitoring data were likely to give a much 
better representation of the emissions from these sources. 
 
 
 
 
Published in Journal of Cleaner Production, 12 (7) : 713-724.  http://dx.doi.org/10.1016/S0959-6526(03)00057-X   
 17
 
Table 3: Selection of Ammonia Emission Estimation Techniques 
 
1 EFs = emission factors 
 
Emissions of ammonia were calculated using the techniques listed in Table 3.  An example of each 
type of calculation is presented below. 
 
1. Reformer furnace vents emissions (using annual source test data) 
 
ERFV = C × Q × OH × 1/103 
ERFV = 1.4 × 5040 × 8349 × 1/103 
ERFV = 58911 kg/y 
 
where: 
 
 ERFV =  Emissions from reformer furnace vents [kg/y] 
C  =  Concentration of ammonia in reformer furnace vents which is representative of annual 
emissions [g/m3] 
 Q  =  Flowrate of flue gas [m3/h] 
 OH =  Operating hours of reformer furnace vents [h/y] 
 
Note that the flowrate (Q) and concentration of ammonia in the flue gas (C) must expressed at the same 
conditions (e.g., standard temperature and pressure) to provide correct estimates.   
 
2. Synthesis loop vent emissions (using equipment design specifications). 
 
ESLV = C × Q × OH × 1/103 
ESLV = 5.1 × 2520 × 8349 × 1/103 
ESLV = 107301 kg/y 
Area Selected Technique Justification 
Ammonia Plant 
Reformer furnace vents  
Gas turbine main stack  
Synthesis loop vent  
Condensate flash steam vent  
Process safety valves 
 
Annual source tests for license requirements 
Annual source tests for license requirements 
Equipment design specifications 
Equipment design specifications 
Equipment design specifications 
 
No other data 
Representative data 
EFs1 unsuitable 
EFs1 unsuitable 
No other data 
Urea Plant 
Atmospheric absorber vent  
Granulation scrubber vent  
Ammonia absorber vent  
Process water stripper vent  
Process safety valves 
 
Annual source tests for license requirements 
Annual source tests for license requirements 
Equipment design specifications 
Equipment design specifications 
Equipment design specifications 
 
EFs1 unsuitable 
EFs1 unsuitable 
No other data 
No other data 
No other data 
 
Ammonium Sulphate (Granulation) Plant 
Main plant stack   
 
Annual source tests for license requirements 
 
No other data 
Utilities Area 
Ammonia storage tank  
Deaerator 
 
One off source-test 
Equipment design specifications 
 
No other data 
No other data 
Fugitive Emissions Emission factors No other data 
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where: 
 
ESLV = Emissions from reformer furnace vents [kg/y] 
C  = Design concentration of ammonia in the synthesis loop vent [µg/m3] 
Q = Design flowrate of flue gas through the synthesis loop vent [m3/h] 
OH =  Operating hours of reformer furnace vents [h/y] 
 
3. Fugitive emissions (using emission factors) 
 
Fugitive emissions of ammonia are released through gas valves, pumps and connectors (e.g., 
flanges).  Emissions are estimated as follows:  
 
EFE =  ((NGV×EFGV×FGV) + (NLLV×EFLLV×FLLV) + (NLLP×EFLLP×FLLP) + (NC×EFC×FC)) × 8760 
EFE =  ((430×6.6×10-7×0.9) + (370×4.9×10-7×0.7) + (567×7.5×10-6×1) + (8756×6.1×10-7×0.6)) × 8760 
EFE =  69 kg/y 
 
 
EFE = Fugitive emissions [kg/y] 
NGV = Number of gas valves through which ammonia flows [-] 
EFGV = Emission factor for total emissions from gas valves [kg/h/valve] 
FGV = Average fraction of ammonia in gas valves [-] 
NLLV = Number of light liquid valves through which ammonia flows [-] 
EFLLV = Emission factor for total emissions from light liquid valves [kg/h/valve] 
FLLV = Average fraction of ammonia in light liquid valves [-] 
NLLP = Number of light liquid pumps through which ammonia flows [-] 
EFLLP = Emission factor for total emissions from light liquid pumps [kg/h/valve] 
FLLP = Average fraction of ammonia in light liquid pumps [-] 
NC = Number of connectors through which ammonia flows [-] 
EFC = Emission factor for total emissions from connectors [kg/h/valve] 
FC = Average fraction of ammonia in connectors [-] 
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4. Emissions Summary 
 
The ammonia emissions from the facility are listed in Table 4. 
 
Table 4: Ammonia Emissions Estimates by Area 
 
 
Quality assurance was performed where possible.  The calculations were reviewed and compared 
with previous year’s results where available.  The estimates for the synthesis loop vent, the 
atmospheric absorber vent and the granulation scrubber were compared with estimates from 
emission factors. The comparison is shown in Table 5.   
 
Table 5: Quality Assurance using Emission Factors 
Process Area Estimates using Preferred Methods 
(kg/y) 
Estimates using Emission Factors 
(kg/y) 
Synthesis loop vent 107 301 33 000a 
Condensate flash steam vent 21 641 30 000a 
Granulation scrubber 2 074 2 675b 
a Assumed typical control efficiency of 90% for condensation [9].  
b Assumed typical scrubber removal efficiency of 99% [10]. 
 
Area Emissions 
(kg/year) 
Ammonia Plant 
Reformer furnace vents  
Gas turbine main stack  
Synthesis loop vent  
Condensate flash steam vent  
Process safety valves 
 
58911 
842 
107301 
21641 
45 
Urea Plant 
Atmospheric absorber vent  
Granulation scrubber vent  
Ammonia absorber vent  
Process water stripper vent  
Process safety valves 
 
1010 
2074 
6312 
1007 
66 
Ammonium Sulphate (Granulation) Plant 
Main plant stack   
 
3126 
Utilities Area 
Ammonia storage tank  
Deaerator 
 
126 
82 
Fugitive Emissions 69 
Total Ammonia Emissions 202610 
Formatted: Bullets and
Numbering
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Table 5 shows that the estimates obtained from using emission factors (and assuming typical control 
efficiencies) are within 29% to 70% of the estimates using the preferred methods.  Given the 
uncertainties that can be associated with emission factors, these estimates therefore appear to be 
reasonable.   
 
5 Cleaner Production and PRTRs 
 
A generally accepted definition of cleaner production is provided by the United Nations 
Environment Program (UNEP), which defines cleaner production as ‘the continuous application of 
an integrated preventative environmental strategy applied to processes, products and services to 
increase overall efficiency and reduce risks to humans and the environment’ [11]. Under the 
generally accepted model of cleaner production, there are five stages as follows: 
 
• Stage 1: Planning and organisation; 
• Stage 2: Detailed assessment; 
• Stage 3: Feasibility analysis; and 
• Stage 4: Implementation. 
 
This section will outline the cleaner production process with emphasis on the areas in which PRTR 
reporting can play a role.   
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5.1 Stage 1: Planning and Organisation 
 
The first stage in the cleaner production process is to obtain an overview of the facilities, wastes and 
emissions that are the subject of the process and to identify possible priorities for cleaner 
production.  If we assume that the objective of the cleaner production process is to reduce emissions 
of ammonia from the fertiliser plant, the utility of the PRTR for this initial assessment process is 
clear as the PRTR process and subsequent calculations (a) enable the various sources of ammonia to 
be identified, (b) help define initial priorities for the cleaner production process to be identified (i.e. 
the most significant emissions are from the synthesis loop vent, and therefore it would be 
reasonable to focus effort in this area), (c) provide some of the data required for the cleaner 
production process (e.g. from the calculation of whether or not reporting thresholds have been 
exceeded for the facility, energy and water consumption for the facility is also known).   
 
5.2 Stage 2: Detailed Assessment 
 
The purpose of the detailed assessment is to identify cleaner production options.  This is done 
through identifying types and quantities of wastes and emissions, and then allocating costs to these 
emissions.  The detailed assessment requires emissions to be identified by source, and to identify 
the causes of these emissions.  Options for cleaner production can then be generated. 
 
PRTR data tends to be of less value to this process.  While the PRTR reporting process generates 
some data that may be of use in detailed assessments (as for the initial assessment, these include 
emissions data and process and operational data), it is our experience that, for cleaner production, 
these data need to be supplemented by source-specific monitoring data and more detailed process 
analysis than is generally the case for PRTRs.  For example, one of the objectives for a cleaner 
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production may be to reduce intermittent peaks in emissions that cause off-site odour problems.  
Because PRTR data are generally reported in terms of annual emissions (and the emission factors 
and other estimation techniques tend to be focussed on providing the data in this form), it may not 
be possible to determine short-term peaks from these longer term averages (or further analysis 
would be required to generate a temporal profile).  Conversely, the data gathered as part of the 
detailed assessment can be used to improve the quality of PRTR reporting.  It is generally the case 
that the data gathered for cleaner production studies are of a better quality than those reported in 
PRTRs.  This reflects the fact that PRTRs tend to be broad estimates of emissions whereas cleaner 
production requires that there are good, process specific data available.  These issues of data 
comparability are discussed further below.  
 
5.3 Stage 3: Feasibility Analysis 
 
The objective of the feasibility analysis is to determine whether the options generated during the 
detailed assessment are technically, environmentally and economically feasible.  The technical, 
environmental and social impacts of potential options are assessed and options are then ranked.   
 
PRTR data have a potentially useful part to play in this process.  Specifically, the various data sets 
that have been prepared to assist companies prepare their PRTR reports can also be used to assist in 
some initial assessments of the potential reductions that can be achieved. 
 
For example the United States Environmental Protection Agency (USEPA) [12] and the European 
Environment Agency (EEA) [13] both have a clearinghouse of emission factors which can provide 
a quick comparison of different technologies.  Table 2 lists a comparison of NOx (oxides of nitrogen 
emissions) for different types of natural gas combustion technologies. 
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Table 2: Example of available emission factors for natural gas combustion from the USEPA [12] 
Type of Combustion NOx Emission Factor 
(kg/106 m3) 
Industrial - Pre-1971 – Uncontrolled 4480 
Industrial - Post-1971 – Uncontrolled 3040 
Industrial – Low NOx burner 2240 
Industrial – Flue recirculation 1600 
 
Using this case study as another example, emission factors for ammonia from fertiliser production 
show that if a fluidised-bed prill tower method of urea manufacture is replaced with drum 
granulation, emissions of ammonia for a ‘typical’ facility are reduced from 2.07 kg/tonne of urea 
produced to 1.07 kg/tonne of urea produced (a 48% reduction) [14].  This type of ‘back of the 
envelope’ calculation can be extremely useful to assist in identifying potential options and for initial 
calculations such as the expected reductions in emissions to be achieved and the expected costs per 
unit of emissions reduction. 
 
5.4 Stage 4: Implementation 
 
The implementation phase encompasses the procurement and installation of the necessary 
equipment, and the monitoring and evaluation of performance (i.e. to assess the effectiveness of the 
implemented equipment and other systems).  It is likely that the process of monitoring and 
evaluating performance will generate data (e.g. monitoring data) that can be used in PRTR 
reporting.  Conversely, the process of PRTR reporting (which provides an annual profile of 
emissions) can generate some of the data required to evaluate the effectiveness of the implemented 
cleaner production measures. 
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6 Discussion – Aligning PRTR Reporting and Cleaner Production 
 
On first inspection, the processes for PRTR reporting and cleaner production are similar.  Both 
require that the activities and operations at a site or operation are described, that the sources of 
emissions or wastes are characterised and that emissions are quantified.  Also, through the processes 
of determining whether thresholds have been triggered and calculating emissions, information such 
as total fuel combustion, raw materials consumption and process data is obtained.  These are all, as 
discussed above, potentially useful inputs to the cleaner production process.  However, there are 
issues with PRTR data that may affect their utility for cleaner production.  These issues are 
discussed below. 
 
First of all, PRTR reporting typically requires a large amount of emissions estimation and 
subsequent data collection.  Due to the cost of this data collection, PRTR reporting processes are 
often heavily reliant on default emission factors for emissions estimation.  Emission factors allow 
emissions to be estimated without the need for any additional monitoring.  For example, as shown in 
the example above, emission factors can be used to rapidly characterise emissions from a facility in 
the absence of site-specific data (which are often time consuming and/or expensive to acquire).  A 
further issue is that many sources cannot be measured accurately, in particular fugitive, non-point or 
highly variable point source emissions.  In these situations, the use of emission factors is probably 
the most appropriate approach to adopt for emissions estimation.  For example, fugitive emissions 
of hydrocarbon emissions from oil refineries can be significant and can be caused by thousands of 
pumps, flanges, valves and compressors.  Finally, emission factors can be used as a screening tool 
to assess which parts of facility require further attention in terms of data collation, or to identify the 
parts of facility where emissions are likely to be greatest.  The disadvantages of published emission 
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factors are that they can be very poor predictors of the performance of an individual facility [7] and 
that the uncertainty associated with emission factors generally cannot be described using 
conventional statistical techniques.  There is also the specific issue of the applicability of emission 
factors developed in other countries to the local context.  Emission factors reflect issues such as 
local emission limits, standard management practices and operational controls, and simply 
transposing emission factors developed overseas to local facilities may provide a very misleading 
characterisation of actual emissions.  There is a general absence of local monitoring data and so most 
of the emission factors used in the PRTR cannot be validated by comparison with existing 
monitoring data [7].  However, [15] shows for the case of estimating heavy metal emissions from 
sewage sludge incinerators, that, if correctly validated, emission factors can provide a reliable 
estimate of individual facility performance. 
 
Secondly, as alluded to above, the temporal resolution of emission may present an issue when 
trying to apply PRTR data to cleaner production.  Specifically, the temporal resolution of PRTR 
data needs to be compatible with the data required for cleaner production.  For example, PRTR data 
may be based on a relatively small number of short-term test results.  While these data may enable a 
reasonable long-term (annual) estimate to be made of emissions from the facility, they may not 
capture operational variations (which may be of greater concern from a compliance, nuisance or 
cleaner production perspective).   
 
Thirdly, the focus of the PRTR reporting process is on emissions (or outputs).  While the example 
above indicated that, under the Australian NPI, it is likely that data such as raw material use and 
fuel/energy consumption are required to determine whether reporting is required, it is not 
necessarily the case in other countries that these data will be gathered.  The consequence is that the 
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data gathered as part of the PRTR reporting may not cover all of the data required for a cleaner 
production programme. 
 
The fourth issue is that the specific requirements of the PRTR influence the data that are reported 
and the manner in which these are to be interpreted.  For example, many PRTRs treat emissions to 
waste treatment facilities or off-site disposal as transfers, which are not required to be reported.  
There is limited consistency between national PRTRs on issues such as whether reporting is 
required on the removal of these transfers from the place of generation to a recovery operation, 
treatment or storage or disposal facility (off-site), whether potentially harmful chemicals in products 
are to be reported and who exactly is required to report (the waste generator or the waste receiver). 
For example, transfers may be reported as a bulk total of ‘transferred material’ or they may be 
broken down in terms of their treatment or disposal routes.  The consequence is that certain 
releases/transfers may not be reported or it may not be possible to differentiate between releases and 
transfers in the reported data.  In addition, depending on how reporting responsibilities are defined, 
it may not be possible to explicitly identify waste generators (e.g. certain wastes may be reported by 
receiving facilities).  For example, nitrogen emissions to water from the fertiliser facility which are 
sent to the local wastewater treatment facility are not reported.  These data are therefore not 
collected for use in the PRTR.  A related issue to that the specific definitions adopted in the PRTR 
for ‘emission’ and ‘transfer’ may mean that the use of certain emission estimation techniques (e.g. 
mass balance) are precluded or that certain emission estimation techniques cannot be applied.  For 
example, if transfers are not required to be reported, emission factors or source tests may be 
required to characterise emissions to air, whereas if transfers are to be reported, it may be necessary 
to use mass balance approaches.  The specific emission estimation techniques selected have an 
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important influence the quality of the data (e.g., data based on emission factors may not be suitable 
for cleaner production).   
 
The fifth issue is that the requirements of the PRTR may not lead to all relevant or significant 
emissions being identified by reporting facilities.  That is, the emphasis of PRTR reporting will be 
on those substances that need to be reported rather than on all emissions.  This may mean that 
certain emissions are not considered in cleaner production decisions.  An example is the exclusion 
of greenhouse gases from the Australian NPI.  Furthermore, even if a substance is listed in a PRTR 
and is emitted from a facility, reporting may not be required under the PRTR.  The question of 
whether or not reporting is required is dependent on the specific reporting thresholds for the PRTR 
(with facilities emitting less than a certain amount of a specified pollutant not being required to 
report on emissions of that pollutant).  One of the implications of these exclusions is that the PRTR 
may not encourage cleaner production and waste minimisation.  In effect, the incentive will be for 
reporting facilities to reduce reportable emissions (i.e. emissions to air, water and land) rather than 
total emissions (including transfers).  As an example, in response to the reporting implications of the 
PRTR, some firms may install pollution control equipment (for example, dust collection equipment) 
rather than investigating cleaner production options which could reduce total emissions [16].  The 
consequence is that, rather than reducing total emissions, emissions may simply be transferred from 
one environmental medium to another.  It is also fair to note that while many PRTRs are still in their 
infancy, the United States Toxic Release Inventory is widely recognised by many (including 
industry) as having provided the impetus for many firms to reduce their emissions and to identify 
cost-effective cleaner production measures [17].   
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Regardless of whether PRTRs do or do not in themselves encourage cleaner production, a significant 
amount of the information required for cleaner production is collected or identified through the 
reporting process. In summary, the following useful information can be provided by PRTRs: 
 
• Raw material, energy and water consumption by process unit; 
• Emissions of pollutants by process unit; 
• An understanding of the causes of emissions at the facility; and 
• Data to enable an initial comparison of different technological options. 
 
7 Conclusions 
 
The data requirements for cleaner production and the PRTR reporting process are similar.  Both 
require that processes are characterised, releases identified and quantified and performance tracked 
over time.  The PRTR reporting process can contribute to cleaner production through identifying 
potential emissions of concern, providing initial estimates of the quantities of substances that are 
released, providing a means for the monitoring of cleaner production initiatives and contributing to 
a cost-effective data collection process (ie where data collection for cleaner production and PRTR 
reporting are gathered at the same time, thereby reducing the time and effort required for this 
activity).  Furthermore, the requirement to report publicly on emissions is an additional incentive 
for reporting facilities to reduce their emissions.   
 
From a policy perspective, it is important to recognise that the manner in which reporting thresholds 
are defined and, in particular, the exclusion of transfers, may mean that the PRTR is not the driving 
force for cleaner production that is often envisaged.  The definition of transfers may, in fact, 
encourage facilities to increase emissions to waste disposal facilities (as opposed to ‘the 
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environment’).  This provides a conflict with the goals of cleaner production.  However, existing 
PRTRs have been recognised by many (including industry) as having provided the impetus for 
many firms to reduce their emissions and to identify cost-effective cleaner production measures. 
Regardless of whether PRTRs do or do not in themselves encourage cleaner production, a significant 
amount of the information required for cleaner production is collected through the reporting process.   
 
Providing that the data requirements for cleaner production and the PRTR reporting process are 
recognised, benefit can be gained from PRTR data.  Through the reporting process, facilities are 
likely to have a good understanding of their process in terms of emissions, the consumption of raw 
materials and the throughput of certain pollutants.  Facilities are also likely to have a good 
understanding of the reliability and applicability of these data to cleaner production.  If the issues 
associated with data quality and data compatibility can be effectively managed, the PRTR reporting 
process can provide a useful resource for cleaner production and should, where possible, be 
integrated with the cleaner production process. 
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